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PREFACE

This report was prepared by the Maintainability Engineering Group of the

Vought Corporation, Dallas, Texas under Contract No. N00140-79-C-045 for

Naval Air Systems Command, Washington, D.C. The objective of this study was to

address the differences between aircraft maintainability requirements derived

from the Maintainability Index Model (1I4) and the aircraft maintainability

requirements predicted by a contractor. Methodology for assuring technology

improvements and evaluating contractor predictions is discussed.

This project was conducted under the technical cognizance of Messrs.

George J. Donovan and Carl Tanger, Airframe and Equipment Branch, AIR-4114.
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SUMMARY

The Maintainability Index Model (HIM) presented In the Aircraft Mainte-

nance Experience Design Handbook provides a method of measuring predicted main-

ability technology improvement of a notional system over a baseline of system

operational experience and design parameters. The objective of this study was

to provide the methodology necessary to validate this predicted technology

improvement during the conceptual phase of a system.

-l The study addresses aircraft maintenance significant areas by system and

subsystem, identifying those subsystems in which technology Improvement will

have the most significant impact on maintenance resources and requirements.

The influence of technology, design philosophy, and commonality of systems on

maintainability technology improvement also is discussed.

Methodology is provided for a subjective evaluation of predicted maintain-

* ability technology improvements in a system. In general, it will verify, with

a reasonable degree of certainty, that improvement or lack of improvement that

will result from innovations of the system design concept.
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1.0 INTRODUCTION

1.1 OBJECTIVE OF STUDY

The objective of this study was to address the differences between air-

craft maintenance requirements as determined by the Maintainability Index

Model (MIM) and aircraft maintenance requirements as predicted by a contractor

during conceptual design. Methodology for assessing technology improvements

and evaluating contractor predictions is discussed.

1.2 HISTORICAL BACKGROUND

Under an earlier contract from NAVAIR, reference (1), Vought Corporation

developed a model for predicting baseline maintainability characteristics of

notional Navy Fighter, Attack, and Anti-Submarine Warfare (ASW) aircraft. The

model functionally relates aircraft maintenance characteristics at the

two-digit Work Unit Code (WUC) level to aircraft design characteristics. A

computer program, reference (2), is used to size the given conceptual aircraft

for baseline maintainability requirements. The term baseline maintainability

requirements is used to identify the maintenance requirements of an aircraft

designed with the technology that existed when the active Navy Fighter/Attack/

ASW aircraft were built. When baseline model data is compared with the con-

tractor's maintainability predictions, the amount of technology improvement

anticipated for the new generation aircraft can be measured. Units of measure-

ment are maintenance man-hours per flight hour (MMH/FH), maintenance actions

per flight hour (MA/FH) and mean time to repair (MTTR) at the Organizational

and Intermediate levels of maintenance.

1
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A user of the HIM must be able to relate the measured technology improve-,

ment with qualitative design features implemented in the new design. For exam-

ple, if the model showed a 34% technology improvement in the Flight Controls

System MII/FH, an evaluator would want to know if this value is reasonable and

whether the Reliability and Maintainability (R&M) design 'features stated in a

contractor's proposal could result in a 34% reduction i MM4/FH.

1.3 GENERAL APPROACH

The approach taken to satisfy the study objective was to:

o Identify baseline maintainability requirements as determined by the

HIM.

o Identify the maintenance significant items within a system and rank

them by subsystem.

o Discuss the criteria for evaluating maintainability predictions.

2
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.2.0 MIM BASELINE TECHNOLOGY

2.1 MAINTAINABILITY INDEX MODEL

The Maintainability Index Model (HIM) determines baseline maintenance

requirements for a given aircraft dependent on that aircraft's design charac-

teristics. Statistical extrapolation of existing trends are used to establish

baseline maintenance requirements as measured in maintenance man-hours per

flight hour (MHt/FH) and maintenance actions per flight hour (MA/FH). These

resultant values reflect some level of R&M effort commensurate to the tech-

nology that existed when the data base aircraft were built. This section will

address the problem of Increased weapon system complexity and equipment common-

ality on maintainability predictions.

2.2 AIRCRAFT DATA BASE

The aircraft used in the development of the MIM were initially designed

to some level of R&M and that effort Is reflected in the model data base.

Unfortunately, increased weapon system complexity has overshadowed many good
I

R&M features implemented in a design, compounding the problem of technology

evaluation. Furthermore, changes in 3-M data over time have added another

variable to the problem.

The existing model data base was compiled from Fleet experience of air-

craft developed during the late 1960's and early 1970's and operating in the

Fleet during the mid 1970's. Since then, maintenance expenditures on the

aircraft used to develop the HIM has increased resulting in the model under

predicting current year (1979) data by 40% and life cycle average data by 18%

(referenoce 3). This has resulted in a program for updating the MIM on a

. periodic basis.

3
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2.3 SYSTE COMPLEXIT!

History has shown that the addition of more parts, components, and equip-

ment to a weapons system increases the probability of aintenanoe after a

flight, resulting in higher PJU/FH expenditures. Although new teohnology has

Improved component reliability (failures per part per flight hour), It also

has permitted an increase in density of functions and capabilities (numbers of

parts per subsystem). This point is illustrated by Figure 1 which shows

component reliabllity Increasing over time while system reliability is

decreasing. This has resulted in an overall increase in aircraft maintenance

requirements.

LO.S

I

FuRem 1. TochnuIogy Trends i Aircraft RulieiliY

The system level maintainability estimating relationships used in the MIM

are responsive.to this change and are thus useful in sizing a new conceptual

aircraft design for baseline maintainability requirements. The primary design

parameters affecting the model are aircraft weight, speed, and thrust.
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Figure 2 shows how dependent total aircraft MiM/FM is on aircraft avionios

weight relative to the year of first fleet delivery.
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Fig.,e 2. Aklmft Maintemmce ua a Function of Avionics Weight

Historical data showed that as aircraft avionics weight increased, so did

system maintenance. This trend even held true for the newer generation of air-

craft (F-lIA, S-3A) with improved avionics equipment. One reason for this

trend was that advances in design technology were off-set by the addition of

more equipment to the aircraft. Consequently, it becomes exceedingly difficult

for a new aircraft to show a significant reduction in maintenance and support

costs as long as performance and capability increase.

2.4 EFFECTS OF TECHNOLOGY ON MAINTAINABILITY

The MIN was designed to be responsive to advances in design technology

and improvements in reliability and maintainability. The model can accept or

L i I



easure the not teohnology improvement predicted over a baseline design

depending on input oonstrainta. The problem of how much improvement can be

expected for a now design becomes exceedingly difficult to measure because of

the variables in the data and the problem of quantifying subjective qualita-

tive design features.

Figure 3 shows a typical relationship between MiH/PH and system complex-

ity as a function of RIM program effort. The customer must determine to what

level of effort a program will be funded in order to achieve a specified level

of maintainability. The degree of technology improvement implemented in a de-

sign is bounded by two curves. The upper curve identifies baseline MP/FH as

determined by the model. The lower curve identifies a theoretical or maximum

R&M1 effort that is still cost effective within the program constraints. Some-

where in between is the optimum level of maintainability to be specified by

the customer or predicted by the contractor.

MOWN

SIvum COuuludt

Rpm 3. Lwv o1 Mihtulbty Elen
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2.5 EUIPMENT COMMDNALITY

A reoent report (reference 4) concluded that the most striking character-

istio of technology ohange Is its essential continuity across generations of

aircraft. The study showed the high omonality of avionics, mission, and sup-

port equipment among the A-7, F-4, and F-1l aircraft. Even the newest and most

technologically advanced aircraft, the F-i4A, was found to have at least 52

percent of its study Items incorporated from existing technology on board the

A-7 and F-4 aircraft (Table 1). This finding should introduce an element of

caution into claims of major manpower reductions for new generations of

weapons systems through advanced technology.

TABLE 1. EQUIPMENT COMMONALITY

A-7B A-7E F-4IJ F-4K F-1lA

Study Items (165) 71 80 69 64 91
Common to A-7E 55 - 13 43 42
Common to F-4J 38 43 -- 63 37
Common to F-14A 34 42 38 36t- Common to A-7 and F-4 ........ 47

Souroe: Reference 3
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3.0 SUBSYSTEM DATA ANALYSIS

This section of the study addresses aircraft maintenance data at the

three-digit Standard Work Unit Code (SWUC) subsystem level. The intent of this

section is to provide supplemental data to support the two-digit SWUC system

analysis defined in the MIM and the five-digit WUC component analysis defined

in references (5) and (6).

Appropriate historical maintenance data is included in this section to

highlight the problem areas of each system. Data is presented in a bar chart

format, ranking those subsystems which contribute the most maintenance to each

system. It is hoped that by identifying the maintenance significant subsystems

of existing aircraft, steps can be taken to correct or minimize future main-

tenance problems on the next generation of aircraft.

For each system, two sets of bar graphs are presented. The first depicts

a subsystem ranking by MNHi/FH and MA/FH for a typical aircraft that is most

representative of the given system. The second illustration shows average

repair time by type aircraft for the high maintenance subsystems. Mean values

are presented for both Organizational (0) and Intermediate (I) levels of re-

pair. A brief narrative description commenting on data behavior and qualita-

tive maintainability features is also included. For a more detailed discussion

of qualitative maintainability assessment of individual items, see references

(1), (5), and (6).

The data base for this study is the same one that was used in the develop-

ment of the MIM. Raw 3-M data tapes from the 1975/1976 time period were proo-

essed by Vought computer routines resulting in a Standard Work Unit Code

8
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Sumimary Report. Excerpts from this report are presented as Appendices A and B

with an aircraft WUC to SWUC Matrix presented in Appendix C.

3.1 SWUC 11/12 AiRFRAM/FUSELAGE SYSTEMS

The Airframe/Fuselage Systems accounts for approximately 9% of the total

average unscheduled maintenance man-hours expended on the study aircraft. A

typical distribution of Airframe/Fuselage Systems maintenance is shown in

Figure 4. The graph, based on A-6E data, shows the Structures Subsystem to

have the largest maintenance expenditure with 57% of the man-hours and 49% of

the maintenance actions. The Access Doors/Panels Subsystem also is noted as a

major contributor because it accounts for an additional 25% of the maintenance

actions expended against the system. In all cases the level of maintenance is

predominately Organizational. The average repair times for the two major sub-

systems are illustrated in Figure 5 for the eight study aircraft. On-aircraft

(O-level) repair times were generally reasonable except for the AV-8A expend-

iture in the Structure Subsystem which was twice the mean time of 3.6 hours.

Structural repairs to the A-7E and F-l4A Wing Outer Panel Skin account for the

higher than normal I-level repair times. Repairs to the engine removal door on

the A-7E accounts for the 28.0 hours repair time In the Access Doors/Panels

Subsystem.

One reason for the high repair time at O-level for the AV-8A Structural

Subsystem is the remove and replace requirements for the radome. On the AV-8A

aircraft, pitot static lines must be disconnected, several access panels must

be removed, and a reaction nozzle must be displaced to allow sufficient clear-

ance for removal. The physical size of the radome by necessity adds to the

f Elapsed Maintenance Tim per Maintenance Action and number of personnel

required.

9
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3.2 SWUC 13 LANDING GEAR SYSTEM

The Landing Gear System accounts for about 10% of an aircraft's

unscheduled maintenance expenditure as measured In NMH/FH. Figure 6 shows a

typical distribution of Landing Gear System maintenance using F-14A data.

Within this system, the Wheel/Tire Assembly, Main Landing Gear (MLG) and Doors

Subsystem and the Brake Subsystem account for 67% of the manhours expended and

74% of the maintenance actions reported.

The majority of the F-14A Wheel/Tire Assembly maintenance is done at

I-level where an average repair time of 3.8 hours is almost twice the mean

value for all eight aircraft as shown in Figure 7. On-aircraft repair for most

aircraft is less than one hour but ranges from 1.1 to 3.8 hours at I-level.

Similar distributions of repair time at 0 and I-levels for the MLG and Doors

Subsystem and the Brake Subsystem show wide ranges in average repair time.

The degree of technology improvement predicted in a new aircraft's

Landing Gear System should be a function of the R&M effort made in the above

three subsystems.

A positive maintainability feature noted during the study ws in the Main

Landing Gear Wheel and Tire Subsystem on the S-3A aircraft. A special bolt is

used, which when tightened, keeps the brake discs aligned while the tire is

off. This feature eliminates one of the time consuming installation steps -

brake disc alignment. This is a prominent contributing factor to the low aver-

age Elapsed Maintenance Tim per Maintenance Action shown in Figure 7

(SWUC 13C for O-level maintenance) on the S-3A aircraft.

12
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A negative maintainability feature noted in the Brake Subsystem was the

use of shims and sealant during installation of the brake on the F-4J

aircraft. As noted in Figure 7 (SWUC 13D), the average elapsed maintenance

time for O-level maintenance is the highest of all study aircraft.

An installation utilizing a tripod type main landing gear design appear

to be less costly to maintain. For example, the use of this type installation

allows for removal and replacement of components such as a shock strut without

removal of the wheels and tires. In addition; the use of tripod gears requires

a smaller and lighter shock strut.

3.3 SWUC 14 FLIGHT CONTROLS SYSTEM

The Flight Controls System contributes about 7% of the total average un-

scheduled maintenance time expended on the eight study aircraft.

The maintenance distribution of the Flight Controls System is presented

in Figure 8 using F-4J data as the representative aircraft. Three of these

subsystems, Flaps/Slats, Lateral Control, and Longitudinal Control, account

for 84% of the man-hours and 80% of the maintenance actions reported against

the system.

Figure 9 depicts the average repair times for the three subsystems for

each of the eight study aircraft. The F_4J falls close to the mean time for

each of the subsystems and represents an almost even distribution of 0 and

I-level maintenance time. This is not the case with the F-1IA which depicts an

average repair time of twice the mean time for the Lateral Control Subsystems

in both I and O-level maintenance. Similar excursions are noted for the other

subsystems and for other aircraft.

15
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Negative maintainability features noted in the Flight Controls System

were inadequate hand/tool room for repair action, requirements for rigging

after repair, and the number of fastener removals required for access.

3.4 SWUC 23 ENGINE SYST3M

The Engine System averages about 9% of the unscheduled maintenance

generated by the eight study aircraft. Figure 10 presents a typical distri-

bution of Engine System maintenance using S-3A data. The distribution indi-

cates the basic Engine and the Maln/AB Fuel subsystem to be the two major

engine subsystems accounting for 85% of the man-hours and 68% of the main-

tenance actions expended.

The average repair times for the two major subsystems are presented in

Figure 11 for comparison of expenditures between the eight study aircraft. The

average repair times for the Basic Engine System are at 8.4 and 7.9 hours for

0 and I-leve!s respectively. Organizational level repair time is primarily a

function of engine removal and replacement time. As a typical aircraft, the

S-3A falls within the mean limits, but the F-14A sets the maximum I-level

expenditure of 12.4 hours and the A-T shows a 12.6 hour rate for O-level

maintenance. Similar distributions are shown for the Main/AB Fuel Subsystem

although lesser in magnitude and more predominantly 0-level expenditures.

3.5 SWUC 29 POWER PLANT INSTALLATION SYSTEM

Only about 2% of the total average unscheduled maintenance time is attrib-

uted to the Power Plant Installation System. Using A-6E data, Figure 12 was

derived to show a typical distribution of Power Plant Installation System main-

tenance. The data shows the Exhaust Subsystem and Power Plant Controls Sub-

systems accounted for 84% of the man-hours and 74% of the maintenance actions

reported against the system.
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The majority of the A-6E Exhaust Subsystem maintenance is performed

on-aircraft where an average repair time of 3.6 hours is almost 28% greater

than the mean time for all the reporting aircraft as shown In Figure 13. At

I-level the A-6E repair time is equivalent to the mean of 2.5 hours where

I-level repair ranges from 1.2 to 6.6 hours. Similar 0 and I-level mean times

are noted for the Power Plant Controls Subsystem with a comparable range of

repair time.
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3.6 SWUC l1 AIR CONDITIONING SYSTEM

On the average about 2% of the total unscheduled maintenance time ex-

pended on each of the study aircraft was attributed to the Air Conditioning

System. Figure 14 shows a typical distribution of Air Conditioning System

mintenance using F-l4A data. Within this system the Air Conditioning and

Pressurization Subsystems acocunt for 66% of the man-hours expended and 61% of

the maintenance actions reported.
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The majority of the F-14A Air Conditioning Subystem maintenance is done

at O-level where an average repair time of 3.5 hours is slightly over the mean

value of all eight study aircraft as shown in Figure 15. The I-level repair

times rang fr&o 0.6 to 2.8 hours with the F-llA showing an average repair

time slightly more than half the man value of 1.7 hours. Similar distribution

of repair times are shown for the Pressurization Subsystem at 0 and I-levels

with a wider distribution of repair times from 0.5 to 5.6 hours noted in the

I-level expenditures.

A negative maintainability feature noted in this system during the study

was the maintenance requirements for the AV-8A Temperature Controller which

has hard-wired switches. Maintenance on these switches requires unsoldering,

soldering, unpotting, and potting electrical connections in the cockpit or

cutting and later splicing wires. These requirements are not only undesirable,

they also are very time consuming (see Figure 15, SWUC 41A, 0-level for the

AV-8A aircraft).

3.7 SWUC 42 ELECTRICAL SYSTEM

The unscheduled maintenance expenditures attributed to the Electrical

System amounts to about 6% of the total average time expended on each of the

study aircraft. Data from the F-4J was used to produce the typical distri-

bution of Electrical System maintenance shown in Figure 16. Within this system

the AC Power Supply and Aircraft Wiring Subsystems account for 73% of the man-

hours expended and 72% of the maintenance actions reported.
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study aircraft. Anomalies related to the wiring circuits for the Fire

Detection, Exterior Lighting, and Engine Start Subsystems are the drivers in

repair time. A closer time distribution is noted in 0-level. Similar repair

time distribution is shown for the Generator Drive Subsystem.

A negative maintainability requirement noted in the Electrical System was

the requirement, In many instances, for an engine run to operationally check a

component after Installation. For example, after removal and replacement of

the Generator Control Panel on the F-8J aircraft, an engine run is required to

operationally check the Electrical System. This requirement has an influence

on the Elapsed Maintenance Time per Maintenance Action (see Figure 17,

SWUC 42B, O-level).

* 3.8 SWUC 44 LIGHTING SYSTEM

The Lighting System contributes about 2% of the unscheduled maintenance

time expended on each of the study aircraft. F-8J data was used to show a

typical distribution of Lighting System maintenance (Figure 18).
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This system is comprised of two subsystems, Exterior and Interior

Lighting, with the Exterior Subsystem accounting for 61% of the man-hours

expended and 54% of the maintenance actions reported. The majority of the F-8J

Exterior Lighting maintenance is performed at I-level where an average repair

time of 3.7 hours is substantially over the mean value of 2.9 hours for all

eight study aircraft shown in Figure 19. On-aircraft repair times range from

1.1 to 1.7 hours resulting in a mean of 1.3 hours which corresponds to the

repair time for the typical aircraft. Similar distributions are noted for the

Interior Lighting Subsystem for both maintenance levels. The mean repair time

for the I-level is 3.6 hours because of a large increase in expenditures on

the F-14A.
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The negative maintainability features noted in this system were primarily

the requireuent to remove panels which have numerous screws to gain repair

access. For example, to repair the Tail Position Lights on the F-4J aircraft

an access panel with 40 screws must be removed. Support for this type design

is what drives the Elapsed Maintenance Time per Maintenance Action (see Figure

19, SWUC 44A, O-level for the F-4J aircraft).

3.9 SWUC 45 HYDRAULIC SYSTEM

The Hydraulic System was found to contribute only about 3% of the unsched-

uled maintenance time expended on the study aircraft. A typical distribution

of Hydraulic System maintenance is shown in Figure 20. The graph, based on

A-7E data, shows that the Normal Hydraulic Subsystem accounts for the largest

maintenance expenditure with 73% of the man-hours and 74% of the maintenance

actions reported.
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In Figure 21 the average repair times for the major subsystems is pre-

sen2ted for the eight study aircraft. The A-7E shows the least repair time

expenditure and averages 40% less time than the mean time of 3.1 and 3.2

expended by the eight aircraft for 0 and I-levels respectively. On-aircraft

repair times range from 2.1 to 3.9 hours while the I-level, because of an

extreme repair time expenditure for the F-14A ranges from 1.8 to 8.3 hours.

The high Elapsed Maintenance Time at 0-level for the AV-8A aircraft is

influenced by the requirement to remove the Wing to gain access to the

Hydraulic Reservoir for adjustment and/or repairs (see Figure 21, SWUC 45B).
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3.10 SWUC 46 FUEL SYSTD

About 3% of the unscheduled maintenance expended on the eight study air-

craft was attributed to the Fuel System. Figure 22 shows a typical distri-

bution of Fuel System maintenance using A-6E data. It indicates that the

Internal Fuel Subsystem is the major contributor accounting for 67% of the an-

hours expended and 57% of the maintenance actions reported.
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A comparison plot is shown in Figure 23 for the average repair time

expended on the Internal Fuel Subsystem for each of eight study aircraft. The

majority of the repair time is performed at O-level with the A-6E reporting an

expenditure of 2.8 hours. This Is substantialy less than the mean value of 4.1

hours for the reporting aircraft which range from 2.3 to 7.0 hours. A similar

distribution of lesser magnitude is noted at I-level where a mean repair time

of 1.2 hours was noted based on a range of 0 to 2.7 hours. -
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3.11 SWUC 49 MISCELLANEOUS UTILITIES SYSTEM

As an unscheduled maintenance time contributor the Miscellaneous

Utilities System accounts for less than 1% of the total time attributed to

each of the study aircraft. In Figure 24 a typical distribution of Misoel-

laneous Utilities System maintenance is presented based on F-l4A data. Within

this system, Fire Detection Subsystem maintenance Is performed predominantly

at the on-aircraft level.
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The F-14A average repair time is 3.5 hours, slightly exceeding the mean

time of 3.0 hours for the eight study aircraft shown in Figure 25. Interme-

diate level maintenance has a mean repair time of 2.1 hours. This value is

somewhat influenced by the relatively large repair time of 12.5 hours reported

on the A-1Ul aircraft. Repair time ranging for the balance of the study air-

craft Is 0 to 2.1 hours.
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Figure25. Average Repair Time for Major Misellanous Utilities Subsystem (SWUC 49)

3.12 SWUC 51 INSTRUMENT SYSTEM

The Instrument System contributes about 5% of the unscheduled maintenance

time expended on the study aircraft. Figure 26 shows a typical distribution of

Instrument System maintenance using A-4M data. Within this system three major

subsystems, Flight/Navigation Instruments, Fuel Quantity Indication, and

Position Indication, account for 72% of the man-hours expended and 77% of the

main tenanc actions reported.
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Figure 27 depicts the average repair times for the three subsystems for

each of the eight study aircraft. In each case the majority of the repair time

is performed at O-level. For the Flight/Navigation Instruments Subsystem

repair time expenditures are stable with individual aircraft averages

generally falling within an hour of the mean repair times of 1.8 and 1.4 hours

for 0 and I-level respectively. Wider distributions of repair times are noted

for the Fuel Quantity Indication and Position Indication Subsystems at 0 and

I-levels with the widest range of repair times resulting from the Fuel

Quantity Indicating Subsystem.

A negative maintainabiity feature noted in the Instrument System for the

F-4J aircraft was the requirement to adjust and calibrate the fuel quantity

indicators to the fuel probes prior to securing the indicator in the aircraft.

This requirement has a significant impact on the Elapsed Maintenance Time per

Maintenance Action (see Figure 27, SWUC 51C, O-level maintenance).

3.13 SWUC 56 FLIGHT REFERENCE SYSTEM

The Flight Reference System accounts for 1 to 5% of the total unscheduled

maintenance (MMH/FH) expended on each of the eight study aircraft. Using A-4M

data, a typical distribution of Flight Reference System maintenance is shown

in Figure 28. The Angle-of-Attack Indication (AOA) and Air Data Computer

Subsystems are shown as the major maintenance contributors accounting for 76

of the man-hours and 83% of the maintenance actions expended to support the

system.
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In Figure 29 the average repair times for the contributing subsystems is

illustrated for the eight study aircraft. Organizational level maintenance

time for the AOA Indication Subsystem is stable about the mean of 1.8 hours. A

much wider dispersion of repair times is noted for I-level where the F-14A

with a five hour repair time is two and one-half times the mean of the eight

aircraft. On-aircraft repair for the Air Data Computer Subsystem is similarly

stable about the man repair time of 1.9 hours for the eight aircraft. The

inoreased complexity of I-level repair is evident in the average times for the

AV-8A and F-I4A being reported as 10.2 and 11.5 hours respectively against a

man time for all eight aircraft of 6.5 hours.
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A negative maintainability feature noted In this system was the require-

msnt for removal and replacement of the Angle-of-Attack Transducer in the

AV-8A aircraft. To gain access, a panel secured by 14 screws must be removed,

wire bundle tie wraps must be out and subsequently replaced, and even with the

panel removed, there is marginal accessibility to the four mounting bolts and

electrical connectors. Requirements of this type are what causes increased

Elapsed Maintenance Time per Maintenance Action (see Figure 29, SWUC 56A,

O-level maintenance). Another negative maintainability feature was noted on

the F-4J aircraft where, in order to remove the Air Data Computer, the

Ejection Seat and a Receiver-Transmitter (RT) Unit (radio) must be removed

(see Figure 29, SWUC 56B, O-level maintenance).

3.114 SWUC 60 COMMUNICATIONS SYSTE4

The Communications System accounts for 4 to 7% of the total unscheduled

maintenance (MMH/FH) expended on the eight study aircraft. A typical distrib-

ution of communications maintenance based on F-4J data is shown in Figure 30.

Of the subsystems listed, the UHF Communications and IFF are the major main-

tenance consumers accounting for 82% of the man-hours and 75% of the

maintenance actions expended. Figure 31 offers a breakdown of the average

repair times for each of the eight study aircraft as it pertains to the two

major subsystems. On-aircraft repair times (O-level) for both subsystems have

sone variation but are generally consistent with the mean value of 1.4 and 1.5

hours for the UHF and IFF respectively. The increased complexity of I-level

repair is denoted by an increase in the mean repair times to 4.5 and -2,9 hours

respectively for these sam subsystems. A significantly greater average repair

time also is noted for the A-6E and F-4J UHF Communications Subsystem.
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3.15 SWUC 71/72/73/74 NAVIGATION/WEAPON CONTROL SYSTEMS

The Navigation/Weapon Control Systems accounted for 16 to 35% of the

total unscheduled maintenance (MMH/FH) reported on each study aircraft. Figure

32 shows a typical distribution of subsystem maintenance based on A-7E data.

The maintenance requirements are almost equally divided between 0 and I-level

for this control grouping. The top three subsystems, Inertial Nay, Radar Set

and Miscellaneous Set/Group, are the major maintenance contributors accounting

for 51% of the man-hours and 43% of the maintenance actions expended.

A breakdown of the average repair times for each of the eight study air-

craft for the three major maintenance contributors is shown in Figure 33.

Because of the large grouping of subsystems in the Navigation/Weapon Control

area, only some of the aircraft have repair time expenditures for the major

subsystems. The A-7E is the only study aircraft with repair times for all

three of the major subsystems. No significant deviations are noted in 0 and

I-level repair times except for the F-8J where the I-level Miscellaneous Set/

Group expenditure of about 11 hours is almost twice the A-7E time.

The primary negative maintainability features noted in these subsystems

were the lack of Built-In-Test/Built-In-Test-Equipment (BIT/BITE) provisions

for repair verification, lack of rack and panel connectors, equipment located

at a level which require the use of a maintenance stand for repair, and the

lack of quick release fasteners or latches on panels which require removal for

access. For example, 41 stress fasteners must be removed from one panel to

gain access to the Radar Altimeter RT Unit on the F-4J aircraft.
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3.16 SWUC 75 WEAPONS DELIVERY SYSTE4

The Weapons Delivery System accounts for almost 4% of the total unched-

uled maintenance (MMH/FH) reported on the eight study aircraft. A typical

distribution of Weapons Delivery System maintenance based on A-7E data is

shown in Figure 34. Of the subsystems comprising this system, the Launcher/

Racks/Rails is the major maintenance contributor accounting for 63% of the

maintenance man-hours expended and 61% of the maintenance actions reported.

Man-hour expenditures are almost equally divided between 0 and I-level

maintenance categories.

A-7E

pawnt of TOal M M/F = 1 ,S

LambwsUnho Reaib 75A

Gem 75C

PylmaU 7Cm75 TwalSp.n UN/PH 0.448 0-LiUM

A-7E
PuMe d TOWimemm Aidm

SimM 0 6 ii 24 ,2 40 48 5 14

71C I I=~I~

SWUC 75 Teai ISyeM MA/FH - 0.111 O-i"""-

L-eu

Hpaw 34. Distrimuton of A-7E Weapof UDivesy System Mointononce (SWUC 75)

In Figure 35 a breakdown of the average repair times associated with each

of the eight study aircraft for the major subsystems is presented. The on-

aircraft repair times ranged from 1.2 to 2.0 with the F-4J spiking to 4.3

hours, resulting in a mean O-level repair time of 1.9 hours. Intermediate

maintenance repair times for this subsystem ranged from less than one hour for

the F-8J to a hig of over nine hours for the A-4M. The resultant mean repair

time was determined to be 3.3 hours.
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3.17 SWUC 76 ECN SYSTEM

The Electronic Countermeasures (9a4) System accounts for about 3% of the

total unscheduled maintenance (M41/FH) reported on the study aircraft with the

majority of the maintenance time performed at O-level. Figure 36 shows a

typical distribution of ECM maintenance based on F-4J data. The E8C Receiver

Set, BCH System/Set/Equipmnt and Radar Receiver Set are the three subsystems

categorized as being prime maintenance contributors accounting for 86% of the

maintenance smn-hours expended and 86% of the maintenance actions reported.

LaS mlul millU! -B
- 7.Q

I I I I0 to n0 38 36 48

iW A I 

CM %"inso 73A f-~

Svi M Sa 73

5WUC 73 TeW Symm SAM~ 0M

Few. 38. O~a" of5 F-4J ECM Synm IN (SWUC 76)

49



In Figure 37 the average repair times for the three major subsystems are

illustrated for each of the study aircraft. Some fluctuation is noted in the

on-aircraft repair times but overall the man times are comparable for each

subsystem. Intermediate level repair times show the ECM System/Set/Equipment

Subsystem as the prime consumer with a man repair time of over 14 hours. This

is over twice the mean repair time shown by either of the other two subsys-

teMs.

A negative maintainability feature noted in this system during the study

was on the F-4J aircraft. The ALR-50 Radar Receiver Installation is inaccessi-

ble and numerous after installation checks are required on unrelated systems

that have to be disturbed to effect removal. The elements that go into making

this removal task unacceptable from a maintainability point-of-view are the

need to remove 42 fasteners securing the access panel, five units from

unrelated systems, a waveguide, and one equipment rack just to gain access to

the receiver. The high time recorded to remove and replace the ALQ-100 also is

considered a maintainability "driver". The high time primarily is due to the

Unit's location in the aircraft (upper dorsal area) and the necessity to

remove an adjacent unit to accomplish the action. These factors are primary

drivers of the Elapsed Maintenance Time per Maintenance Action at O-level

maintenance (see Figure 37, SWUC 76K, F-4J aircraft).

3.18 SNUC 90 MISCELLANEOUS EQUIPMENT/SYSTEMS

Miscellaneous Equipment/Systems accounts for less than 1% of the total

unscheduled maintenance (MMH/FH) reported on the eight study aircraft. Figure

38 shows a typical distribution of Miscellaneous Equipment/Systems maintenance

based on F-4J data. Explosive Devices and Emergency Equipment Subsystems are

the major aintenance contributors accounting for 89% of the maintenance
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man-hours expended and T7% of the maintenance actions reported. By the very

nature of the subsystem, Explosive Devices maintenance Is exclusively

on-airoraft maintenance. About 25% of the maintenance time expended on the

Emergency Equipment Subsystem is I-level.

F-41
Pamted Total Muiutanmus Mm44.ees

isssem 0 3 1 24 32 40 46 56

Explosive Descgn 97

Emergencty Equpmnt 91

Or"w Clut Eq~pmmu 93 I
SWUC 80 Total System NUN/PH 0.137 0-Level

I-Level

Percent of Total Muintmnanco. Mtions
Subsystam a 0 Is 20 25 30 35 40

Emeleecy Equipment 91

Flip'ise Dae"s 9

SWUC 90 Tetal Sysse. MA/PH =9.030 0-Level

Fig.. 38. Oigibution of F--4J Misiuullmous Equipment/Systems Maintenance (SWUC 9W)

Figure 39 presents a breakdown of average repair times for the two

subsystem as they pertain to each study aircraft. Under the Explosive Devices

Subsystem, the F-14lA had the lowest average repair time (1.4I hours) while the

A-6E recorded the high average time, 8.14 hours. Five of the eight aircraft

fell below the man repair time of 3.8 hours. The FP-Q, as a typical aircraft,

had an average repair time of 3.41 hours for both 0 and I-level maintenance

wnder the Emergency Equipment Subsystem. Other I-level excursions ranged from

1.5 to 9.5 hours.
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3.19 SWUC 01 OPERATIONAL SUPPORT SYSTE4

The Operational Support System accounts for the largest portion of the

reported expenditures of aircraft maintenance, averaging approximately 27% of

the total aircraft maintenance time and 48% of the total maintenance time

reported under all Support Action Codes for the eight study aircraft. Figure

40 shows a typical distribution of man-hours and actions for the Operational

Support System based on A-7E data. Of the subsystems listed, the Operational

Support Subsystem is the major maintenance consumer accounting for 45% of the

man-hours expended and 39% of the maintenance actions reported. Only,

Servicing and Troubleshooting Launch Aircraft Subsystems, which account for

23% of the man-hours and 27% of the maintenance actions, are considered design

related and germane in predicting technology improvement of a new design.

3.20 S UC 03 SCHEDULED AIRCRAFT INSPECTIONS

One of the larger maintenance expenditures Is recorded against Scheduled

Aircraft Inspections. Approximately 19% of the total aircraft maintenance time

and 33% of the total support action time was the average expenditure reported

on the eight study aircraft for scheduled maintenance. Figure 41 Illustrates a

typical distribution of the maintenance expenditures for Scheduled Aircraft

Inspections based on F-14A data. Daily/Special and Turnaround/Preflight

Inspections are considered the prim contributors to the cost of maintenance

accounting for 64% of the man-hours expended and 88% of the maintenance

actions reported. Both of the Inspection categories are considered as being

design related support action tasks and should be considered In the technology

lmprovemmnt prediction during evaluation of new designs.
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Fige 41. DWubude of F-14A Maieumenus Expended for Scheduled Aircraft Inspetions (SWUC 03)

3.21 SWUC 05 SHOP SUPPORT MAINTENANCE

The Shop Support maintenance tasks account for approximately 10% of the

total support action effort and 6% of the total MMH/FH expended on the eight

study aircraft. A presentation of the Shop Support Maintenance distribution is

shom in Figure 42 based on A-6E data. The General Functions and Mission Shop

Support are the two support action consumers accounting for 71% of the man- J
hours expended and 90% of the maintenance actions reported. The Mission Shop

1
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Support Subsystems are not generally considered design related, making it

difficult to establish a technology improvement during the evaluation of a new

design.

3.22 SWUC 24/47/57/77/02/04 SINGLE ELEMENT STRUCTURE SYSTEMS

Six of the SWUC's were not included in the graphic representation of this

section because of the single element structure of these systems. The six

codes included are: SWUC 24 - Auxillary Power Plant, SWUC 47 - Oxygen, SWUC 57

- Integrated Guidance/Flight Control, SWUC 02 - Cleaning, and SWUC 04 -

Corrosion Prevention.

In each case the majority of the maintenance effort was performed at

O-level. The first four Work Unit Codes were reviewed for their impact on the

total unscheduled MMH/FH expended on each aircraft. The only significant

contribution was noted in the Integrated Guidance/Flight Control System (SWUC

57) where system support costs accounted for 6.9% of the total maintenance

tim expended by the F-8J. Other aircraft ranged from 1.8 to 3.2% for this

system. The remaining two codes (SWUC 02 and 04) were related to the total

support action expenditures. Only the Corrosion Prevention (SWUC 04) category

was significant with maintenance expenditures ranging from 9.0 to 12.8% for

the study aircraft with the A-7E and F-14A being the largest contributors at

12.0 and 12.8% respectively.
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L
1 1.0 TECHNOLOGY IMPROVEMENT EVALUATION

4.1 TECHNOLOGY IMPROVEMENT FACTOR (TIF)

The Maintainability Index Model (MIM) calculates baseline maintenance

requirements reflecting state-of-the-art technology and its corresponding R&M

effort. Engineering improvements which reduce maintenance resources and

frequency of maintenance in a new design are measured by comparison of the

contractor predicted maintainability factors to the MIM baseline. A positive

(or negative) delta from the MIM baseline is referred to as a Technology

Improvement Factor (TIF). The MIM provides a method of calculating a TIF for

each individual system.

4.2 TECHNOLOGICAL FORECASTING

Technological forecasting during the conceptual design phase is a

difficult task. This results from the fact that both the predicted technology

improvements and an evaluation of the predicted improvements are subjective in

nature. A great amount of difference can result between a highly optimistic

prediction and a highly pessimistic evaluation of the prediction.

A good evaluation of predicted technology improvements in a system Is one

that can verify, with a reasonable degree of certainty, that improvement or

lack of improvement will result from innovations of the design. In most

instances, it will not be possible to quantify the exact amount of improvement

prior to an operational evaluation of the system.

The Maintainability Index Model (MIM) presented in the "Aircraft Mainte-

nanoe Experience Design Handbook" (reference 1) provides the point of
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departure and the need for an evaluation of predicted improvements in a

system. The MIM was developed using actual operational maintenance data and

design performance parameters of several systems. These systems, in one form

or another, employ most or all of the known technology available today. It is

logical then, to assume, that significant maintainability improvements are not

possible without a major breakthrough in technology. However, there are some

areas within today's technology where innovations in design can influence

resources and requirements which will result in some overall technological or

maintainability improvement for a system. Many of the areas where improvements

are possible are documented in section three of this study.

4.3 CRITERIA FOR EVALUATING TECHNOLOGY IMPROVEMENT FACTORS

The criteria selected for system technology evaluation is the Technology

Improvement Factor (TIF). A number of techniques can be used for quantifying

subjective judgements with the most common being some form of scaling. In

subjective scaling, a number replaces semantics as a way of communicating

one's judgement of a qualitative concept. In the MIM, TIF's are used to

measure MMH/FH and MA/FH improvements or degradations over a baseline system.

The following procedure may be used to evaluate TIF's.

Figure 43 shows technology improvement sensitivity as a function of

MMH/FH z 1.0. The graph shows that the predicted MMH/FH value for the given

system is a 40% impeovement over an equivalent baseline design.

1,
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I - - DEGRADATION IMPROVEMENTIi

" TIF. a -40 -30 -20 -10 0 10 20 30 40 50 60

MM/FH a 1.4 1.3 1.2 1.1 1.0 .9 .8 .7 6 .5 .4

BAELNE PR ITED

Figure 43. Example Technology Improvement Factor Rating Scale

An evaluator must be able to relate this value to the design predicted by

the contractor. Use of the following steps Is recommended in an effort to

formalize the decision making process:

(1) Determine what new technology is being used in the system. New tech-

nology is defined as equipment/components, installations, structure,

etc., not previously used in the baseline system. Ensure that the

new technology is not more complex and does not require more

maintenance than the system it replaces. Consult the contractor's

proposal for substantiating rationale on system reliability and

maintainability (R&M) design features. If no new technology is being

implemented in a system, then the evaluation must become increasing

pessimistic since the baseline represents the results of essentially

the same technology.
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(2) Relate the impact of the contractor's design to the maintenance

significant areas identified in Section 3.0 of this study. Signi-

fioant technology improvements cannot be realized unless the drivers

of system maintenance are impacted.

(3) Consult the checklist in Table 2 for TIF variability. Identify those

factors which have the greatest impact on the contractor's

predictions. For example, a negative technology improvement factor

may not always be the result of a more complex system. Sometimes

data base incompatibility may yield false values. That is, the

contractor's data base may be from a different time period than the

model in which case the evaluator must make allowances to account

for this variation.

As previously discussed, a completed evaluation may not result in exact

quantitative results. However, the completed evaluation should provide a good

indication of the validity of the contractor's predicted technology improve-

ments. The actual improvement may not be verified until hardware testing or

until the system becomes operational.
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TABLE 2. TIP EVALUATION CHECKLIST

r A. DEGRADATION

1. More complex system - increase in functional capability of equipment.

2. Increase in the number of WRA's - system requirement for additional
equipment.

3. Data base incompatibility - contractor's historical maintenance data
base differs significantly from model data base.

4. Analyst pessimism.

5. Maintenance concept mismatch - skill level, training required, level
of repair.

B. NO CHANGE

1. Equipment commonality - same equipment used in both aircraft.

i 2. System R&M design features have negligible impact on units of measure-

ment.

1.3. No significant change In system technology.
C. IMPROVEMENT

1. Design simplicity.

2. Quick and easy access to all equipment.

3. Application of Automatic Test Equipment (ATE) and BIT to improve
fault isolation.

4. Correction of defects on past systems - see Section 3.0.

5. Use of now equipment designed for R&M.

6. Use of latest state-of-the-art, proven, reliable, off-the-shelf

equipment.

7. Maintenance tasks simplification.

8. Re-allocation of some troubleshooting/repair tasks to I-level.

9. Charges In scheduled maintenance concept which takes advantage of
Reliability Centered Maintenance.

10. Analyst optimism.

11. Data base incompatibility - contractor's data base differs from model
data base.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The validation of a contractor's maintainability predictions during the

conceptual design phase of a system must be accomplished primarily by a

subjective evaluation of the design innovations.

A customer for a new system must be cautious of significant predicted

maintainability improvements compared to a baseline of operational performance

and design characteristics unless there has been a major breakthrough in main-

tainability technology.

System complexity, equipment commonality and design philosophy all tend

to reduce any significant reductions in maintainability resources and require-

ments.

5.2 RECOMENDATIONS

To provide a data base from which a customer can complete an objective

evaluation of a contractor's maintainability prediction during the conceptual

design phase, the Request-for-Proposal (RFP) must require the contractors to

provide a more complete definition of the maintainability qualitative design

features of the new system.
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APPENDIX A

AIRCRAFT SUBSYSTEM MMH/FH DATA
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APPENDIX B

AIRCRAFT 14A/FH DEFECT RATIO DATA
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Table C-1.1 SWUC Matrix

Ai A." AM9 M.SA

Aa UL2,(23)2, (.2JQ 213, 63I "I ,5i
ILA 236,1,2, Wi 2313 Wum 22Uk"6, LWI 3111, =J6 iW, slut w, u2. 2.31

3361 us5 LM8 23, U179 We8 311, USA.3 23/3, U".13 23", 2131, 134

-m usO/ml 233 W, no, 213.216 311, UVA~, 2.W1A, U3,2., .316 , 3113.

3UN, USIA.6, 3165 U" U, 316,251 UM 1

0amw W1 36. 137.2U39 II-Ida 236 13m
ua2 13 WA W 63 /1

3~2 1.24 1m 3*, (4u5) U1,(-)

Cmd"s " 303 233 313 in in, 21A 3

Lumm so13 3. (-M3) 39,11 13, (43103) 13

136a"1wn1U Z9 &2 muU 12, W

31 ~km. 33 13. 33 3m LIU, lull* 13 .3

X314/72 13o 1353U U 3

1w y ~ s33n, I38 133. i2.3 13361

2smd" Syt. XU3 in 33? L3% 2339
=U con.1.s 2.v m3*.133 .3 131A, U". I%3I

Amistlag 0.w 130 136 i3n 131A
Cotaati 3spr IN3 133 N3 3 /A
aewomw 89m W 13136 ZI3 133. 133# UP3 2A

?-F Cam = 3A 3A, (.36) 21o 24, (..h7), (..63 1

aLOOSML CfI Sin- VC 1.3 31, 3M, 1692A 3, 2 P13, 11.9 1, WAS3 263
L3SuULCm ysIpum 10 213 16 696 21 4% 2133,A, 213 23,~ (-13)2.

?laeu/Slwe US221, 21917 249"S 21", 2.16 Val (-Wks1) A17, (-Lk76) 13
Sp~ed bke SYSUS lu1 3M, vi9m., 190A 1613. 21" 24 16
vim bw Spm 20 N/A 316 1/A N/A

30"s AS hA 233, U%6, IM9,2333 0930, a3n. 233, 1333 2320, 83, 133, 23M., 272, 721. "3. 2-.'

me" a 3 pm. 230 W36 2336 235 172
2a0rin ftou* 233 go3 836 an3 27131

fisewlel SiS.8 2336 1339 W39 fm2

AMCM3AP I=1 II am I3VA 1/A so

mm wAW Zm 29 so (-M6) I9t9 (.1W8) 9(-)

13m 3963 Spuw 06WiW
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Table C-1.2 SWUC Matrix

p1.13lwu us 1 kne WA.3 1.28 1.2. 146.1

%tis- ie RPuM wa bUms hok 1.u h. bw

Ac Sv WOIY ho win, bg3 mug. 43, ba, (..1e) ho., %a W3S. W&-. kW8. 16

m DOW SPAY h= NA %a bUSw
poor mas"ukm Slm 10 1. u,1u3k .1

"I. "L1. hbl .. b

1. 19.g (.1L.53, (.16904) . ("Ae) kg. (AILS1. 41318 .IM) 1.g

1.5& kg, (114.), (..bggb) bssu. 1.g3 1.51, 1.53, 19h, ("13). 152. h.g

labialk Pal (-b1.")4,1, .3,16 1.Q3. 1. .9 g 46. (A")4 1.611 16..k.1

bIa 641" lise. be.W "9 W.4. W. o L hat~/ he 1.61.s %.

111*1 v m fti 4il193 49. 1191. Is ,(4"/A9 m.( 1% 9 -AM)(43

a-Mmto 2"s BOA"@"s bw V/A 1/A W/A V/A

UP DK biasftW SeaWM ho5 VIA 1.,kg /A

.0, 1.46 VA. 11. Ml. b.533 (-Sups n. (SUS.

515h~ WA. 51223 10. 5128 Is .bm .

~~~t~t 9ima5. 2 11. S1. sau. 5112. nn.

ptal queffuiy bialsi SIMS113,14 hSL SUL. b 1.4 13

70lim. 1aOV40 (23.1k) 51 35 21.36 526 3. 1)55 11.7 511. nu
~~u3A~i IIsnu(.511x53 1.1., ".942.11. Amu 5=22. S1=. 1153. 515

Aswum ~~bral15 1.533 w nu b

Aru V&U~ &MW 9kg0s 9" n A9

=m inuefeWS 9? 57 ST IT 97

C5UIA!U 0 ox c. (.6701k). (41q) a 6K

WWrcomiatS 46 46/A V/A At
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Table C-1.3 SWUC Matrix

m019

- ~ * (AM) 03.0m, (AM3) 6% (-On3) 63
a & * kvia

6 9 Gm 69w'3'

do fm ~ 71 OP. 72on,

PAM~r SPNEO n W 712 7326 am n

73"AI sm3rom T /A am3/ A
im.. Slooot ?a Me mb? 7= 7

RAW sWUmm m a i. ( -7331) 73. "ma 71
&AW AtISrnb 72h 7"G6. 71M 71% 701% 706 70L 9P
Dmwa 3mw ow. 9" T3 10 no% 733 N/A
Ro1 bain t73 730 7339 7w3 I&

fSd 0 711 7MY 79b 73k 3/A W/A
Am.. SNAM Il3 7O, 3m 70,7a 72n V/A

Boom~i 73 73 73L 733L 73. (-7SM 73
Se,. Smu lt "3A 7m1 79 IA /A W/A

zuWUaAm h. hpsu 7v V/A rog 7%95 ?.W
Momuw ant 710 WA 18% 739b "K. I"
"us. It/bm 73F 3/A "aA ?"L"4 311A
MAs. 3kldt 73 3, 7m 7n3 "3a 3/A

?us, cmnU, s"t' VIA 3/A N/A VIA

AN/004 Visa 7%8 3/A W/A V/A R/A
wsw Seligi Cs. 3DA& 7W 7175, 7b" 779? 717
Ais. SpasoM' 76M 7t 74 711 W/A
Nine. sv~3sm TO1 3/A 7N9 /A 7143

14APOZ3 75 75T 75 75 70
751 7wm, 73, 759 79A ?%I? 79LO,-33 7%. 75. 73

zo 7To 73.5 798 759 TV
PA~M 795 3/A V/A 7T6 73

sm 76 76 76 N/A
m03 s70s/e~k" T673* 7n.0

7665 1" 76 7069 705

Mum.W 28"a. 3/A 766 766. 7

I" A FA 7? VT
Rm. e su." in6 It. (-m) 49

a""mw . 91 91 II 3
Sem two S@3m 93N/ A VIA

lesimllumrs96 3/A 96 4
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- ~ ~~~Table C-1.4 WU Matrix~ :

a& unU35, U. U, LWa/ WI/7/8, UM3/ waIAt/ILU
no, use=, M".1/39/4l, 1111, U46 f- U3,t'w"

Mams UUPilL 11 .3C //h ) .2// 21%, um, U.8/2 111/. L // 333 3, 1" 8

A1D311U 3 11,suwt MV. 33/k 3, h =Vg UN6/4U LI~s LM
3236, us&, 33sk 1303 UNAm/ UU3/, 1212, 12 N 1A 3231U9

W1n3 Z33 1233 W3 WUA
cow 133 us W31 k 233, UL WI, 1*

'Wus12 314 WI/A us

13 14u(.3) 13ft 13

iaIaUua 3S 3 1313 132.(30 131 133,33
waai W3 1326 3 23 i 135 .6. 14.") 14

se Dunl USmm 13 13. I=3 U3323 132.3 LII

* LUC~wea 3 133 134 us , (.311 136 311 11. 1%. 13
AISU Oe 23 1339 136 (in 1)33 137U

0a1n1sm am. in3 134 uk -m 133 IN2

~pesv LIM .1 3 1, 1343

1= 7is A IN, (-W1) I,(I,,(21 A2
Cma' two AM m1 I13 11.1 (-313.) Il 112-0 1113.
Z~&ud ftomo - m 1"4 Am Im 14321

ImI 1dW C6.V groft UM 223 VA lIb 2A3J$gOIA139.1h2/?,J.
2&mau & CMASum - bS 144 13 143 1", 114

spo -w ""m Of4 III114I
wow MaSum ~ WA us 3

39"s NOW SMu G in. 13M6 0. W3.8 IM, 2366 CO- uIuS- UW, 13. 133, 23^ 03W, 1711, V712. 0m.

f~tesem opm 2w3 anu m

wW .a. 3 m am amn MA

MW 3/af =IL a/ a,'

so" NAINin M1 =P Wp U SL I"

los" I m of
Aw*utw m? was- 2we25



Table C-1.5 SWUC Matrix

be/a3

au Slo fti bal km.W AK wit. MR.? "Is i,

3.im low levit bem, 616 %W

"Ori* Suon 40" No, WL MIS be ook

33SPENDb bk bh bb

*mft -O km km hUA kb mw/ 169LI km.Iub.Us.U

- - mil mm h" 491. f63 ba, "1g 4k . 9 19

mui5 Uuq k kml 5a h6 6

AU UON10be 63 he 6636

QvzI 1596 boM 16" 5614.(O AM

km 62. km k. ft k0mX

anklou 6511 01921~ Wm I/. b~. kg ~ kI/ 5.

ILC kga 1%4kg itn"bL SUW -

93A %me(W)Se us* b.meu an

tmuuL WINL is-m kia 13.4 n4~Ag~ nit k61i/

Oimiu mussium (23.0 go U6, Wm We IW4 a" nkM~kn

mU? miam? 057,(6,T)3 01 g. u.o6MoOn.n T

mom"w~ ha.usm IVS I/A I/A bq. 5b 1/

m u 51e mum a6omu 9& 1"1 9W. 94 .50 610. MIS nu . -gS

Aft,~(.3) mi I3o5W3o

vA91610f 91010 &51fW 9 go. gm 9l.m.cm. 1127 i1*

1W 0110 6MM I/A W/A k.h.
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Table C-1.6 SWUC Matrix

so 3 W P-V -3 833

6w con. OAM.67m/3, is 63 6,C.631)

or6q#) dn 7 '7 6

631 Cm d I 1/4 49 6963n

PTvsmi 099 O1gm6W 71"W 71k 71
mmeuvw uwuer m 71A 711 7= 722K 7m3,

Anni Itoin 734 m 7v 7m73 7 31?e9M

mm .3a1mm 72 72 7 72f 73W1 7

73vi ?3d 7. 7" 13WAW

Ro Cin Set 7in 732, 7391//A 3/A
A? .tGI# W% 7w3 3A 32n 7m 721, "36

3mLmav t7 UM/A 3 3A 3
S1A. hi/osuw 7ot 3wA 7339 1//A 7! (761AGU
ftie Mr '73~ 3i /A WA 7?7

AE/fI. use 7w3 3/A 3/A 7/A IA
Rue. m Cm. ro. 7v 759 3/A 3/A 3/A NMM

A". seom il WA 75,50wb

dem"3.~ 7L 7b 3AWAl
NOW 37 7%A 7scm, 34 133,l7334 773/AW
ft" /d/vt ft 7wA 7%97373 %N 79 " 743, W3A3,

711I- 713 "ab N/6 WA"

-g N~wCo ae 76r 769 1A 76 7

m i. wz(e/smmum 76 71 6 f 763 6k /

W amieg 71 763769 "16,w/#1 3/

In 761 10 763 I6 6176 /A
3 m~ lt 7% 6 7766 =A769/76 WA
- mw i76 7657 A61 766

I"US 17 17& 103 3/01

NU.W.MU WAPSI S" 70 9 79 9, "m9/

9419&9 1
76~ IN ?p3/A 3/A

ftmin~nm in1 9 91
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